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SUMMARY 


The  hypothesized  GA-only  system  is  designed  to  meet  the  minimum  re¬ 
quirements  of  the  GA  community  (including  air  taxi  and  business  jet 
operations).  The  cost  of  the  postulated  system  grows  from  $331 
million  in  1977  to  $400  million  by  1986  in  constant  FY76  dollars. 

In  current  dollars  the  1977  cost  is  estimated  at  $356  million  in¬ 
creasing  to  $703  million  in  1986.  Cost  sensitivity  of  the  minimum 
system  to  questions  of  coverage  and  demands  for  service  is  rather 
small  (less  than  5%) . 
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INTRODUCTION' 


The  existing  Air  Traffic  Control  (ATC)  system  provides  services 
to  air  carriers,  general  aviation,  and  military  users  of  the 
controlled  airspace  of  the  civil  aviation  sector.  A  common 
ATC  system  has  an  inherent  cost  advantage  over  separate  systems 
to  provide  similar  services  for  each  user  because  of  the  com¬ 
monality  of  joint  use  elements.  However,  the  common  system 
must  be  designed  to  meet  the  requirements  of  the  most  sophisti¬ 
cated  class  of  users,  namely  air  carriers.  Consequently,  the 
nature  of  services  provided  to  other  users  of  the  system  often 
exceed  their  individual  needs.  Thus  any  cost  allocation  scheme 
of  user  responsibilities  based  on  the  existing  ATC  system,  al¬ 
though  satisfying  economic  criteria,  may  assign  higher  costs  to 
the  less  sophisticated  users  than  would  be  experienced  if  ser¬ 
vice  was  limited  to  that  required  under  a  separate  system  sce¬ 
nario  . 

As  part  of  the  overall  study  of  Airport  and  Airway  User  Cost 
Responsibility  1977-1986  (Reference  1) ,  it  is  desirable  to 
assess  the  cost  responsibility  of  general  aviation  (GA)  users 
based  on  their  minimum  requirements.  A  hypothetical  system 
meeting  these  minimum  requirements  is  developed  and  its 
associated  costs  estimated.  The  results  provide  a  lower  limit 
to  the  cost  responsibility  of  GA  users. 

The  postulation  of  a  system  meeting  the  minimum  GA  requirements 
and  its  cost  estimation  were  conducted  under  the  following 
gu idelines : 

1.  The  analysis  will  identify  and  estimate  the  costs  of 
those  elements  of  the  existing  ATC  system  that  would  be 
essential  in  meeting  the  minimum  requirements  of  the  GA 
community.  No  alternative  technological  development  will 
be  postulated  with  respect  to  what  could  have  been  if  the 
presence  of  air  carrier  industry  had  not  influenced  devel¬ 
opment  . 

2.  The  GA  traffic  is  no t  assumed  to  grow  to  fill  the  trans¬ 
portation  void  created  by  the  absence  of  air  carriers  in 
this  hypothesized  GA-or1v  system.  No  alternative  forecasts 
are  considered  to  rt  _ect  the  absence  of  air  carriers. 

3.  Presently  existing  facilities  will  be  assumed  to  be 
available  at  no  capital  cost,  i.e.,  sunk  costs  will  not  be 
considered.  In  addition,  it  will  be  assumed  that  any 
presently  existing  facility  not  currently  needed  in  the 
hypothesized  GA-only  system  but  required  at  a  future  date 
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will  be  also  available  at  no  capital  cost.  For  example, 
if  an  existing  ATC  tower  is  not  required  Linder  t'ne  postu¬ 
lated  CA-only  system  today  but  is  needed  in  the  future,  a  .c 
to  increasing  activity,  it  is  assumed  available  for  free 
when  needed.  This  analysis  assumes  that  the  tower  can  be 
shut  down  and  reopened  when  desired  without  anv  special 
costs  or  recurring  upkeep  cost  during  the  shut  down  period. 
This  simplifying  assumption  is  postulated  in  order  to 
achieve  a  lower  bound  on  the  cost  responsibility  of  GA 
users  by  providing  existing  facilities  in  full  operating 
condition  as  and  when  required  at  no  cost  to  the  hypothe¬ 
sized  GA-onlv  system. 
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2.  A  PERSPF.C'T !  TF  ■  GHNKKAI.  AVIATION  fSKRS 

General  aviation  users  form  a  in* t :  crogeneous  group  with  a  wide 
range  of  aircraft  types,  ivijuic.;  equipage  and  type  of  flight. 

1  They  vary  in  capability  t  ror.i  single  engine  piston  aircraft  to 

turboprops  and  turbojets.  The  most  sophisticated  GA  user  has 
•  avionics  that  are  comparable  to  air  carriers.  The  type  and 

-  purpose  of  flying  also  varies  from  weekend  pleasure  flights 

(only  in  good  weather)  to  the  business/corporate  jets  and  air 
taxi  operations  that  use  extensive  system  capabilities  and  the 
busiest  of  airports  regardless  of  weather  conditions.  A  recent 
study  (Reference  2)  for  the  FAA  deals  extensively  with  GA  air¬ 
craft,  owner,  and  utilization  characteristics  based  on  1974 
survey  data.  The  study  has  shown  that  while  75%-80%  of  GA 
aircraft  are  equipped  with  VHF  communications  equipment  and  VOR 
receivers,  the  percentage  of  I L.S  avionics  equipped  aircraft  is 
of  the  order  of  37%.  Thus,  only  about  one  third  of  the  GA  fleet 
is  equipped  for  basic  IFR  flight  and  precision  approach.  How¬ 
ever,  usage  of  the  ATC  system  under  IFR  weather  is  heavily 
weighted  toward  the  more  sophisticated  aircraft  as  evidenced  by 
the  number  of  hours  flown.  Figure  2-1  (reproduced  from  Refer¬ 
ence  2)  shows  the  median  hours  (per  aircraft)  flown  in  local 
or  itinerant,  and  \FR  or  IFR  flight  bv  tvpe  of  aircraft. 

In  terms  of  the  proportion  of  GA  demand  on  the  Federal  system, 
a  review  of  the  current  aviation  forecasts  (Reference  3)  indi¬ 
cates  that  for  the  period  of  study  (1977-1986)  GA  accounts  for 
over  90%  of  aircraft  contacted  at  FSS  and  301-40%  of  IFR  air¬ 
craft  handled  at  en  route  centers.  In  the  terminal  area,  GA 
activity  forecasts  represent  S51-902  of  total  operations  and 
'  55%-65%  of  instrument  operations  over  the  same  period.  Almost 

all  of  local  operations  are  GA  aircraft  (over  95%).  About  70%- 
80%  of  itinerant  operations  are  made  by  the  general  aviation. 

•  To  summarize,  general  aviation  represents  a  wide  spectrum  of 

aircraft,  avionics  equipage,  use  and  type  of  flights  and  hence 
the  net  requirements  imposed  on  any  ATG  system  by  general  avia- 
'  tion  also  cover  a  very  wide  ranee  as  reflected  in  the  following 

section. 
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FIGURE  2  1 

MEDIAN  NUMBLH  OF  HOURS  FLOWN  IN  1974  BY  TYPE  OF  AIRCRAFT 


3.  postuiat^i)  gfnlkal  \v;.\:?hn  kfmfnts 

In  order  to  postulate  the  :ui..i;ruR!  ATC  requirements  or  the 
general  aviation  co.-air.un it  •• ,  I  is  important  to  recognize  the 
different  types  of  f . Lg;:t.  involved.  Local  aircraft  operations 
originate  and  terminate  .it  the  saint:  airport.  They  consist  pri¬ 
marily  of  pleasure  flying,  training  flights,  touch-and-go  and 
instructional  flights.  Almost  ail  of  the  local  flights  are 
conducted  during  VFR  weather.  Consequently,  local  VFR  opera¬ 
tions  require  little,  if  any,  ATC  system  interaction.  Itinerant 
aircraft  operations  are  interested  in  getting  from  Point  A  to 
Point  B.  Itinerant  flights  can  further  be  divided  into  Visual 
Flight  Rules  (VFR)  and  Instrument  Flight  Rules  (IFR)  flights. 

VFR  itinerant  flights  occur  under  good  weather  conditions  and 
can  be  made  with  a  mini. :.u:;i  ot  equipment  and  ATC  system  inter¬ 
action,  while  IFR  :  1,  are  tore  sophisticated  in  equipage, 

and  are  capable  of  sly;  at;  under  IFR  weather  conditions.  Air 
taxi,  corporate  and  business  jet  and  turboprop  operations  usually 
fall  in  the  categorv  of  HR  itinerant  flights.  The  require¬ 
ments  levied  on  the-  ATC  system  by  such  flights  are  the  most 
stringent  of  the  general  aviation  requirements. 

Based  on  the  type  of  r light  one  can  postulate  the  GA  require¬ 
ments  for  an  ATC  system. 

1.  Local  VFR  flight-,.  Since  the  extent  of  flying  is 
limited  to  a  local  area  and  good  weather,  for  the  majority 
of  such  flights  the  ATC  system  need  only  assign  frequencies 
for  an  airport,  advisory  system  (U1J1C0M) .  At  places  where 
the  operations  count  are  high  enough  to  meet  tower  estab¬ 
lishment  criteria,  a  VFk  tower  with  some  form  of  traffic 
control  would  be  required.  Pilots  flying  VFR  have  very 
little  interaction  with  other  aspects  of  the  ATC  system 
(navigation,  approach  control  surveillance,  landing  aids, 
t-r.  route  and  FSS  services). 

2.  Itinerant  VrR  F.ligcts.  Aircraft  operations  in  this 
category  are  primarily  interested  in  going  from  Point  A 

to  Point  B.  Although  these  flights  are  VFR  flights,  there 
is  a  need  to  have  weather  information  along  the  flight 
path  avoid  localized  areas  of  severe  weather  systems. 

In  addition,  to  enable  aircraft  to  follow  the  desired  path 
from  A  to  3  and  to  fly  through  unexpected  bad  weather, 
some  form  of  low  cost  basic  navigation  aids  are  required. 

The  extent  of  coverage  of  such  navaids  would  be  minimal 
and  restricted  tc  areas  of  relatively  nigh  operations 
densities.  In  the  terminal  area,  itinerant  VFR  traffic  has 
the  same  level  of  requirement  for  the  ATC  system  as  local 
VFR  traffic. 
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3.  Itinerant  1FR  FHypj i  s .  these  operations  are  the  nest 
sophisticated  term  ei  GA  i  lying.  Alrrr  i!  t  opera t ;  iny  under 
this  classification  will  fly  i.i  • KR  weather,  will  file  : light 
plans,  and  would  requite  it  re  iter  Internet  ion  wi  t  It  the  ATC 
system.  For  these  flights,  t  be  ATC  system  should  provide 
some  form  of  flight  path  monitoring  and  en  route  traffic  con¬ 
trol.  Hence,  a  form  of  mini  en  route  centers  will  be  re¬ 
quired.  The  .Level  of  services  provided  would  be  greatly  re¬ 
duced  over  today's  system  and  the  level  of  sophistication  of 
the  elements  required  would  also  be  very  low.  It  is  assumed 
that  there  would  he  extensive  procedural  control  employed. 

For  the  Low  traffic  densities  of  en  route  GA  operations, 
position  reporting  would  suffice  and  no  en  route  radar  system 
would  be  required.  [’he  iep  1  ovrieu of  low  cost  basic  navaids 
would  be  larger  than  for  itinerant  VT'R  flights  to  enable 
the  unrestricted  flight  u4'  itinerant  7 FR  operations.  In 
addition  to  VFR  towers,  t  here  would  be  a  series  of  towers 
with  landing  aids  and  radar  approach  service  at  selected 
metropolitan  areas  due  to  tin  desire  and  the  need  of  the 
public  to  fly  to  and  t rom  .non  areas  regardless  of  weather 
conditions.  Because  itinerant  i FR  traffic  will  crisscross 
the  country,  there  vii.L  be  a  need  i  or  extensive  weather, 
flight  plan  filing  and  advisory  services  similar  to  the 
existing  FSS  system. 

The  requirements  of  flat  three  types  of  f'jghts  for  general 

aviation  are  summarized  :.u  Table 


MINIMUM  HIGH  DENSITY 
MINAI.S  (METROI'nUTA 


TTi'URI  GENERAL  AVIATION  REQUIRE - 


ELEMENTS  OF  TEE  ATG  SYS  fEM  fO 

MENTS  ’ 

Fcr  purposes  o’  iden;  i !  y in*.  .  h-*  i  i.-nif’its  or  the  existing  svstem 
that  would  satisfy  the  ..A  roue  .duuiu  postulated  in  the  pre- 
ceeding  section,  die  AfC  ays  tea  is  divided  into  three  categories: 

1.  ATC  Facilities  (eu  route,  terminal,  FSS) 

2.  Navigation  System  (navaics,  precision  landing  aids) 

3.  Surveillance  and  Communi cations  Systems  (VFR  voice, 
radars) 

In  the  process  of  estimat:  r.g  the  CvSts  (presented  in  Section  5) 
associated  with  the  system  race.:  ug  GA  requirements,  it  is  as¬ 
sumed  that  the  requirements  jt  me  most  stringent  user  (namely, 
itinerant  IFR  traffic)  will  mot,  for  purposes  of  this  analy¬ 
sis  no  attempt  has  peer,  made  to  further  allocate  the  cost  of 
this  minimum  system  to  the  cit'teront  types  of  flight  —  local  or 
itinerant.  In  the  course  of  anv  cost  recovery  phase,  however, 
distinction  among  the  level  .;£  wquir e.raeuts  and  system  use  of 
the  different  types  of  flight  (local  VFR,  itinerant  VFR  and 
itinerant  IFR)  should  be  made, 

4.1  ATC  Facilities 


General  Aviation  requirements  or  AIT  services  covering  en  route 
airspace  would  be  met  w  i  e  h  ..(•  :c  . c,  i  en  route  centers.  These 
centers  will  be  responsible  for  T - P  flights  and  perform  func¬ 
tions  such  as  flight  plan  processing,  flow  control  and  position 
monitoring.  The  number  of  controllers  required  to  handle  the 
traffic  would  be  substantially  less.  Manpower  estimates  are 
presented  In  Section  5. 

An  analysis  of  the  latest  tower  operations  count  (FY76)  indicated 
approximately  60  towers  that  meet  the  i.A  tower  establishment 
criteria  of  200,300  or  more  annual  operations.  In  the  GA-only 
scenario,  these  60  towers  stay  on  as  VFR  towers.  To  determine 
the  number  of  additional  more;  sophisticated  tower  requirements 
at  metropolitan  areas,  the  ARTS  III  locations  were  used  as  a 
starting  point.  Of  the  68  airports,  approximately  50  remained 
after  deleting  those  within  close  proximi ty  of  each  other,  with 
low  activity  levels,  or  whose  establishment  was  due  to  require¬ 
ments  of  nearby  military  bases.  These  50  ARTS  III  sites  are 
reduced  to  a  TXACAB  level  in  the  GA-only  system.  Details  are 
presented  in  Appendix  A. 
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The  FSS  network  is  overwhe lmingl y  GA.  oriented  and,  hence,  the 
current  network  and  proposed  :;odii (cations  (as  planned)  are 
assumed  to  exist  in  a  CA-onl v  system  as  well. 

4.2  navigation  Systems 

Currently  there  are  906  VOR  sites  used  as  navigation  aids.  A 
previous  MITRE  study  (Reference  4)  has  indicated  that  approxi¬ 
mately  300  VOR  sices  located  strategic.) ! ly  would  provide  single 
coverage  above  2000'  MSI.  and  double  coverage  above  6000'  MSL. 

This  calculation,  however,  docs  not  account  for  the  terrain 
features  (mountains,  obstructions,  etc.)  inherent  in  the  exist¬ 
ing  locations  of  VOR's-  ft  is  estimated  that  a  total  of  ap¬ 
proximately  600  existing  VOR  sites  would  be  required  to  over¬ 
come  the  coverage  problems  caused  by  the  terrain  features.  To 
obtain  conservative  cost  ev  i mates  however,  it  is  assumed  that 
300  VOR  sites  would  meet  the  minimum  0 A  requirement  of  wide 
spread  single  site  national  coverage  to  moderately  low  altitudes. 

In  addition,  these  VOR  sites  are  to  be  single  VOR  stations  with 
no  TACAN,  DME,  or  dual  VOR  installations.  This  reduces  the  cost 
associated  with  the  VOR  network. 

In  accordance  with  the  guidelines,  it.  is  assumed  that  the  postu¬ 
lated  50  metropolitan  area  TRAOAB  facilities  that  support  the 
demand  for  IFR  services  would  have  the  minimum  capability  of  a 
single  Category  r  i;.s  unit  each.  In  practice,  this  would  be 
below  expected  needs,  tut  to i 1 cws  the  assumption  of  providing 
a  lower  bound  J.n  equipment,  services,  and  costs  for  the  GA-only 
system. 

4.3  Surveillance  ar;c  Comr.iun  (cations  systems 

In  the  postulated  GA  system,  it  is  assumed  that  no  radar  surveil¬ 
lance  would  be  required  in  t  he  en  route  centers.  Of  the  terminal 
centers,  only  the  30  IRACAb  towers  at  metropolitan  areas  would 
provide  radar  approach  service,  employing  one  ASR  at  each  facility. 

The  voice  communications  consist  of  VrtF  channels  only.  Given 
the  1 ine-of-sight  coverage  needs  tor  a  minimum  national  VOR 
system  (Reference  a),  it  is  reasonable  to  assume  that  of  the  498 
RCAG  sites,  only  300  would  be  required  to  provide  parallel 
communication  coverage  for  the  mini  en  route  centers  of  the  GA 
system.  It  is  further  assumed  that  the  ATC  en  route  channel 
requirements  will  also  be  reduced  from  1100  VHF  en  route  channels 
today  (Reference  5)  to  300  (one  per  RCAG).  If  the  channels  were 
reduced  proportionally  to  the  30%  of  traffic  represented  by  GA , 
the  result  would  be  330  voice  channels.  To  maintain  a  minimum 
estimate,  300  channels  are  assumed .  For  terminal  control  centers, 


currently  there  ar-  • 

number  of  VHF  :ha:r. .  a 
Is  assumed  ru  -  if' 
reduced  to  cm;  :  . 

Related  cost  sea-;  i  • 

tion . 
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•:  a  in  the  following  sec 
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COST  ESTIMATES* 


Under  Che  assumptions  of  this  study,  existing  facilities  are 
available  to  the  CA-only  system  at  no  capital  costs.  For  com¬ 
parison  with  other  elements  in  the  "Airport  and  Airway  System 
Cost  Allocations:  1977-1986"  (Reference  6),  the  development 
of  the  cost  estimates  are  presented  here  in  the  same  order  as  the 
presentation  of  the  cost  base. 

5.1  Research  and  Development  Costs 

The  extent  of  R&D  in  the  GA-only  system  will  be  minimal  at  best. 
Relevant  R&D  costs  are  assumed  to  be  those  associated  with  FSS 
and  50%  of  weather  related  costs.  FSS  deals  with  general  avia¬ 
tion  operations,  and  a  fraction  of  weather  related  R&D  costs  are 
expected  to  be  spent  on  severe  weather  warning  and  related  acti¬ 
vities  for  use  by  the  GA  community.  Based  on  FY  1977  budget, 
the  R&D  cost  estimates  amount  to  $7.0  million  annually  (in  constant 
1976  dollars)  and  are  assumed  to  remain  level  through  1986. 

5.2  Facilities  and  Equipment  Costs 

Because  existing  facilities  are  adequate  to  meet  the  requirements 
of  the  GA-only  system  no  F&E  costs  associated  with  en  route  or 
terminal  facilities  would  be  required  during  the  period  1977- 
1986.  The  FSS  cost  projections  are  expected  to  remain  the  same 
as  in  the  existing  system  and  are  shown  in  Table  5-1  (Reference  7) . 

5.3  Operating  and  Maintenance  Costs 

The  0&M  costs  are  estimated  individually  for  en  route  centers, 
towers,  FSS  and  other  (navaid)  categories  as  discussed  in  the 
following  subsections. 

5.3.1  Er.  Route  O&M  Costs 


In  the  nonradar  environment  of  the  GA-only  system,  it  is  esti¬ 
mated  that  1.5  controllers  per  shift  would  suffice  (Reference  8). 
To  arrive  at  the  annual  number  of  controllers,  the  following 
equation  was  used  which  is  consistent  with  past  studies  on  con¬ 
troller  productivities  (Reference  9). 


* 


All  cost  estimates  in  this  section  are  in  constant  1976  dollars. 


TABLE  5-1 


F&E  COSTS  OF  THE  FSS  SYSTEM 
(IN  MILLIONS  OF  DOLLARS) 


YEAR 

IN  CONSTANT 

1976  DOLLARS 

IN  CURRENT 
DOLLARS 

1977 

$15.4 

$16.4 

1978 

$  9.0 

$  9.9 

1979 

$37.9 

$44.0 

1980 

$40.4 

$49.0 

1981 

$42.6 

$54.0 

1982 

$44.0 

$58.0 

1983 

$36.6 

$50.0 

1984 

$41.1 

$58.0 

1985 

$33.9 

$50.0 

1986 

S19.4 

$30.0 

Controllers/ sector 


(Two  shifts  +  10%  controllers  for 
night  shift)  *  (60%  increase  to 
account  for  vacation,  sick  leave, 
weekends,  training,  etc.) 

*(25%  overhead  supervisory  staff) 

»  (2*1.5  +  0.1*1. 5)  *  1.6  *  1.25 

*  6.3  controllers/sector 

For  the  number  of  sectors,  it  is  assumed  that  of  the  665  existing 
sectors  all  the  high,  super  high,  and  oceanic  sectors  would  not 
be  required.  The  requirements  of  the  GA-only  system  can  be  met 
through  the  402  low  altitude  sectors  (extended  to  cover  all  alti¬ 
tudes  of  controlled  airspace  and  redesigned  as  needed  for  a  non¬ 
radar  system).  This  gives  an  annual  controller  staff  estimate 
of  6.3  x  402  =*  2533.  As  an  external  check  on  the  plausability 
of  this  estimate  as  a  lower  bound,  reducing  the  existing  number 
of  controllers  in  proportion  of  the  GA  operations  resulted  in  a 
much  higher  estimate  of  approximately  3800  controllers.  With  an 
annual  cost  of  $25,748  per  controller  (Reference  7),  the  1977 
cost  would  be  $65.2  million  for  the  estimated  2533  controllers. 

The  cost  of  voice  communications  for  300  RCAG  sites  is  estimated 
based  on  $26,830  annual  0&M  cost  for  an  average  RCAG  in  the 
current  system  (Reference  10).  This  gives  a  total  300  site  cost 
of  $8.3  million.  This  cost- is  then  reduced  by  50%  to  account  for 
elimination  of  military  UHF  channels  and  25%  to  account  for  the 
reduced  number  of  civil  VHF  channels;  yielding  a  1977  O&M  esti¬ 
mate  of  $2.0  million  for  en  route  voice  outlets  in  a  GA-only 
system. 

For  the  ten  year  study  period  (1977-1986) ,  these  costs  (controllers 
and  RCAG)  were  assumed  to  grow  proportionally  to  the  increases 
in  traffic.  The  ten  year  cost  estimates  are  presented  in  Sec¬ 
tion  6. 

In  order  to  estimate  cost  sensitivities  of  en  route  O&M,  costs 
of  additional  RCAG  sites  and  VHF  frequencies  were  calculated. 

An  addition  of  200  RCAG  sites  would  cost  $1.3  million  annually 
and  the  retention  of  all  VHF  channels  would  add  $3.3  million  tc 
the  annual  O&M  cost. 

5.3.2  Tower  O&M  Costs 


The  controller  staff  estimates  for  the  towers  are  based  on  Ref¬ 
erence  9.  An  average  of  13  controllers  are  required  for  VFR 
towers  and  20  controllers  for  TRACABS.  This  gives  an  estimated 


17S0  controllers  tor  60  VFR  towers  and  50  TRACABS .  The  annual 
cost  estimate  is  $43.  i  million  at  $24 , 315/controller  (Reference 
7). 


The  voice  corruiiications  cost  associated  with  the  towers  is  based 
on  an  annual  O&M  cost  of  $L6,500/RTR  with  an  average  of  4.4 
channels  < Reference  10).  In  the  GA-only  system,  a  VFR  tower 
would  have  an  RTR  with  one  channel  and  a  TRACAB  one  with  two 
channels.  It  is  reasonable  to  assume  linear  changes  in  cost  with 
the  number  of  channels.  This  yields  an  annual  O&M  cost  of 
$0.6  million  for  terminal  voice  communications  in  the  GA-only 
system. 

The  O&M  costs  of  an  ASR  and  an  ILS  for  each  TRACAB  would  also  be 
associated  with  tower  operations  in  the  GA  system.  The  unit  O&M 
costs  for  the  two  equipment  types  are  $84,650  and  $30,000,  re¬ 
spectively  (Reference  10).  The  associated  annual  0&M  costs  in 
the  GA-only  design  are  $5.7  million. 

To  be  conservative  in  the  annual  estimates  in  Section  6,  the 
facility  cost  increases  projected  over  the  10  year  analysis 
period  were  based  on  the  slower  growth  rates  of  itinerant  opera¬ 
tions  rather  than  the  higher  projected  growth  of  instrument 
operations . 

A  sensitivity  analysis  of  the  number  of  TRACABS  (as  discussed  in 
Appendix  A)  shows  that  10  additional  TRACABS  (including  RTR, 

ASR,  ILS  and  controller  staff)  will  add  $6.0  million  annually  to 
the  estimated  system  cost. 

5.3.3  FSS  and  Other  O&M  Costs 


FSS  O&M  costs  are  assumed  to  remain  as  projected  for  the  current 
system  and  are  presented  in  Section  6.  The  navaid  O&M  costs  for 
300  single  VOR  sites,  based  on  $14,570  per  site  (Reference  10), 
are  $4.4  million.  The  navaid  costs  remain  constant  over  the 
years  because  the  300  sites  were  assumed  to  provide  adequate 
coverage.  If  600  existing  sites  were  needed  the  costs  would 
increase  by  $4.4  million. 

5.4  Support  Costs 

The  only  support  costs  associated  with  the  GA-only  system  are 
leaseline  costs  (I&M) .  These  costs  were  estimated  at  $13.0 
million  and  were  assumed  to  remain  constant  over  the  analysis 
period  because  additional  increases  are  expected  to  be  relatively 
small.  Details  are  given  in  Appendix  B. 
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5.5  Grant s-in-A id 


The  grants-in-aid  portion  allocated  for  general  aviation  airports 
were  assumed  to  exist  in  the  GA-only  system  and  are  presented  in 
Section  6. 
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SUMMARY 


The  estimated  annual  costs  for  an  ATC  system  meeting  minimum  GA 
requirements  are  summarized  in  Table  b-1  in  constant  197o  dol¬ 
lars.  Table  6-2  provides  the  same  estimates  in  current  dollars. 
The  costs  estimated  grow  from  $331  million  in  1977  to  $400 
million  by  1986  in  constant  1976  dollars,  and  $357  million  in 
1977  to  $703  million  in  1986  in  current  dollars. 

The  cost  estimates  provide  a  lower  bound  on  a  GA-only  system. 

In  certain  areas,  the  estimates  have  been  extremely  conservative. 
The  cost  sensitivity  of  the  minimum  system  to  questions  of  cov¬ 
erage  and  demands  for  service  is  rather  small.  By  way  of  sen¬ 
sitivity  analysis,  the  following  estimates  are  provided  in  con¬ 
stant  1976  dollars: 

10  additional  TRACABS  $6.0  raillion/year  O&M 

(including  RTR,  ASR,  ILS 
and  controller  staff) 

300  additional  VOR  sites  $4.4  million/year  0621 

(to  provide  coverage  based 
on  existing  locations) 

200  additional  RCAG  sites  $1.3  million/year  O&M 

(to  provide  coverage  based 
on  locations) 

Additional  VHF  frequencies  $3.3  million/year  O&M 

for  RCAG  $15.0  million/vear  0&M 

Thus,  a  more  operationally  feasible  estimate  based  on  the  service 
needs  demonstrated  by  the  existing  ATC  system  would  add  $15 
million/vear  (4.5%)  in  constant  1976  dollars  to  the  estimates 
of  the  GA-only  system. 

The  cost  estimates  developed  here  represent  an  ATC  system  that 
would  meet  the  requirements  of  all  types  of  GA  flights.  Care 
should  be  taken  in  any  cost  recovery  analysis  to  differentiate 
in  cost  responsibility  between  the  various  classes  of  GA  users 
(pleasure,  business/corporate,  agricultural,  instructional,  air 
taxi)  and  between  the  different  types  of  GA  flights  (local  VFR, 
itinerant  VFR  and  itinerant  IFR) . 
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P0STt:LAi \  •  _  • .  ■ 

La  e  s  t  i is-  :  :,e  :,i 

existing  A  !  •'  .  .  .  -  •. ...  te  cone : avia¬ 
tion  requirement  s.  .  .  or. .  i  ■  ,r:\-  ,-a !  a  .•  1  a  t :  or.  re¬ 

quirement  is  trie  need  tor  basic  term inai  control  services. 

Within  this  service  category,  tueim.  1  ^  a  need  for  both  VFR  towers 
and  T.FR  facilities  wit  a  a  Li-.V  \j  c.i;  i  .  ,  •  ,  . 

The  number  of  VFR  t  ewers  :  •  eut  j •  y  identi  -  ying  chose 
points,  ether  t  has  Adi  '  t'  ..  ::n>:u  genera  L  avia¬ 
tion  count  meets  a  or  200,000  annual 

GA  operuti.  a.-,  i.c  .  .  .  •■-.  at  neat  this  c-tan- 

da r  a . 

Existing  ARTS  •  .•!  ’  •  -  .  :  -ta  :  tt:  point  to  deter¬ 
mine  tne  genera’.  •  i  •..-•a;  iota  with  nigher  traffic 

and  popular  i.,;.  •  •  ..  r  -  -  lucre  arc  a  total  of 

68  ARTS  Ill  type  : .  .  :  .  •  ;  "n;.  ,.  Stares.  Because  con¬ 
struction.  .  ur '  ■.  t .,  i  i  .■ t  e  j  on  overall  traffic 

levels  and  oth.r  ■  m  it  •  •  .  .  .tec  ..  terrain  modifications 

must  be  made  ro  t  he  .  .  am’,  r  on  anticipated  general 

aviation  need;  t  tilt  .  '  c  t  :r:  act  i..'er  at  ions  appear 

to  have  lea  to  the  •  ,-r  1  .  ;  at  :  ..,m.  ARTS  facilities*  that 

thus  would  iikel  .  a  a  ,-.v  : in  he  etnrr.il  aviation  system. 

Additional  Ly«  :  her-.-  a  o  ■  -ewers71  w’tos.o  c~o.se  proxi¬ 
mity  to  other  A*  -  •  '  i  t  tc  ;  -v.k.  s  t aiei  t  retention  in  the 

postulate!  system  quest  *  a:;...-  ie  .  t  t  ir.g  to  identifv 

these  locations,  me  t  r  oral  i. :.  ;n  areas  where  there  are  three  or  more 
facilities  within  a  ?'!  mi.  t-t  i  j  cm?  were  c.'.ts  miored  .  This 
leaves  a  general  av  tat.  In;.  ,  .sc-’m  cons  t.st  irtp.  of  approximately 
56  ART  8  Fir.  Loca.  ions  vh  •:  -  a  1  e  >r  -cci.is:.  i ted  radar  approach 
tower  i  TRACA3 )  would  >.  r,  a 

Evaluation  ,*t  turrae:  r-.  c  :r  ;.•/  rmfciiJ  radar  service  locations 
for  a  general  aviation  s, s •.  e.t.  s  a  ..ore  a u n j e.  ; i i ve  endeavor. 

The  geographic  list  •.  J. but  ire  >  the  tvaaiainc  56  ARTS  III  loca¬ 
tions  was  Co  m  o'- a  a  to  carreer  gen*;-  J  avis-  ion  operations.  This 
comparison  id, cm  i' ted  er t  in  ’.cm  c  ;.m,,  that  are  geographically 
is.  is  toe.  id  v...  •  .t  t  .our.;-  ;;e  So  lew  as  to  not 

warrant  rove:  t  .lri  i  itv  i 4  -  am  >oc ;  e.i  6v  t;  \  activity  and  needs 

alone.  **  ;..cre  are  seven  f  th.ese  A,,\IS  locations.  *  Lais  leaves 

*  dee  Table  A-l  for  a  listing  of  these  towers. 

**Less  than  15'i,0Gm  t  A  mm  rations  within  ei  am  mi  1  o  tidiu;  of  the 
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ARTS  m  LOCATIONS  IN  Dlh  f IKNERAL  AVIATION  SYSTEM 


TOTAL  ARTS  HI  :r  ~  LOCATION' I  68 

Elimin a  t  e  Due  _T o  : 

Mili Larv  and  Gdvernutntui  Considerations 


Shreveport 
Oklahoma  C l tv 
NAEEO  (2) 

Orlando  (5)  63 


Close  Trc-ximicv  t;o  Outer  K.u  r  litres 


Newark 

Dulles 

Long  Beach 

Kennedy 

Baltimore 

Burbank 

Oakland  (7) 

GENERAL  AVI  ATION  REQL’T  RUMEN  1  56 

Eliminate  Due  In : 

Low  Leve 1  of  Ope  rati  on  s 

Louisville 
Albany 
Sac  ramento 
acksor  v  L  Lit 
Ha  r  t i o rd 
New  Orleans 

3ut‘faio  (7) 
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approximately  50  sites  for  TRACAB  facilities  in  the  minimum 
system. 

The  deletion  criteria  employed  attempted  to  minimize  the  amount 
of  IFR  delay  and  inconvenience  that  might  occur  in  the  GA-only 
system.  Consideration  was  also  given  to  those  instrument  opera¬ 
tions  that  might  transfer  to  the  TRACAB  (present  ARTS  III)  loca¬ 
tions  in  the  absence  of  their  current  day  high  air  carrier 
activity  levels.  It  is  expected  that  in  many  cases,  sufficient 
general  aviation  demand  would  shift  from  the  postulated  untowered 
airports  to  the  towered  facilities  to  make  up  the  deficiencies 
in  establishment  criteria.  The  concentration  of  facilities  in 
major  metropolitan  areas  is  displayed  in  Table  A-2. 

In  summary,  it  is  estimated  that  a  general  aviation  system  would 
be  comprised  of  approximately  50  to  60  TRACAB  facilities  and 
60  VFR  towers. 
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ESTIMATE  OF  LEASELINE  COSTS 


The  estimate  of  leaseline  costs  were  arrived  at  through  a  func¬ 
tional  analysis  of  the  requirements  of  the  GA-only  system.  Table 
B-l  presents  the  cost  estimates  in  1976  dollars  based  on  Ref¬ 
erence  II.  For  some  elements,  engineering  estimates  are  made 
based  on  existing  or  historical  figures. 
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TABLE  B-L 


ESTIMATE  OF  LEASELINE  COSTS 


CONSTANT  1976 
DOLLARS 


FLIGHT  SERVICE  STATIONS 

20  circuits/stations 
*140  miles/circuit 
*292  stations 
*0.54  $/iaile/raonth 
*  12  month/year 

$5.4  miLlion/year  $5.4  million 

FLIGHT  ASSISTANCE  SERVICE 

$0.84  million  in  1972  dollars  $1.2  million 

FOREIGN’  EXCHANGE 

$0.23  million  in  1972  dollars  $0.3  million 

INTERCENTER  NONRADAR 

$1.0  million 

CENTER  I NT RA- AREA 
NONRADAR 

$2.3  mill  ion 

FACILITY  SWITCHING  & 

REY  EQUIPMENT 

$18.1  million 

TOWER  EN  ROUTE 

$0. 5  million 

$21.9  million  In  1972  dollars 


$4.4  million  in  1972  dollars 


$6.1  million 


ESTIMATED  20%  FOR 
GA-ONLY  SYSTEM 


TOTAL  (in  1976  dollars) 


$13.0  million 
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GLOSSARY 


A.C./  AC  AIE  CARRIER 

A-E/  AP/  ABET  AIRPORT 

A AT  FAA  BIB  TBAPFIC  SERVICE 

ADAP  AIBPOET  DEVELOPMENT  AID  PBCGBAH 

ADS/  ADMIN  ADMINISTRATION 

ADV  ADVISORY 

AFTN  AEFCNAUTICAL  FIXED  TELECOMMUNICATIONS  NETWORK 

AOPA  AIECEAFT  OHNEES  AND  PILOTS  ASSOCIATION 

APSE  AIE  BCOTE  SORVEILL JNCE  BADAB 

AHTCC  AIE  EOUTE  TRAFFIC  CCNTBOL  CENTEE 

ARTS  AOTCM ATE  D  RADAR  TBAFFIC  CCNTBOL  SYSTEM 

ASC  ADMINISTRATIVE  SCIENCES  CCEECEATICN 

ASS  AIEPCET  SURVEILLANCE  BADAB 

ATC  AIR  TBAFFIC  CONTROL 

AVP  F A A  OFFICE  OF  AVIATION  POLICY 


C-AP  CAPITOL  AIRPORTS 

CAB  CIVIL  AERONAUTICS  ECABD  (SEE  ALSO  THACAB) 

CAP  CAPITOL 

CENT  CENTRALIZED 

CONUS  CONTINENTAL  UNITED  STATES 

CSC  COMPOTES  SCIENCES  CCBFCBATION 

CTE  CENTEE  (EN  EODIE) 


DC  A 
CCS 
DEV 
DIR 
DME 
DOD 
DOT 


1ASHINGTON  NATION A 
DATA  COMMUNICATION 
DEVELOPMENT 
DIRECTION 

DISTANCE  MEASUBING 
DEPARTMENT  OF  DEFE 
DEPARTMENT  OF  TRAN 


I  AIRPORT 
S  SYSTEM 


EQUIPMENT 

KSE 

SPOBTATION 


EBD 


ENGINEERING  AND  DEVELOPMENT 


F  ST/  FLT  STDS  FLIGHT  STANDARDS 

F6E  FACILITIES  AND  EQUIPMENT 

F,ESD  FACILITIES,  ENGINEERING  AND  DEVELOPMENT 

FA A  FEDERAL  AVIATION  ADMINISTRATION 

FAC  FACIIITI 

FREQ  FBEQUENC Y 

FSS  FLIGHT  SERVICE  STATIONS 

FY  FISCAL  YEAB 


G.A./  GA  GFNEBA1  AVIATION 

GAMA  GENERAL  AVIATION  MANUFACTURERS  ASSOCIATION 


C-l 
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GOVT 

GRANTS 

16 H/  IN  £ 

I A  C 

IFB 

ILS 

JFK 

LRIC 

LRHC 

MAIN! 

HDH 

BED 

Bit 

BSL 

NAFEC 

NAS 

NASA 

NASP 

NATL/  NT L 
NAVAIDS 
NBAA 
NOA  A 
NHS 

06  B 
OPS 
OBD 
OST 

PATNAS 

PGP 

R6D 
B6B 
R,  E6D 
BC  AG 
ECS 
HTB 


PI.tV-S»i<y  u'.intd.  . 


GOVERNMENT 
GRANTS-  IN- AID 

BAT  INSTAIIATICN  AND  MATERIAL 

DULLES  INTERNATIONAL  AIRPORT 
INSTBUBENT  FLIGHT  POLES 
INSTRUMENT  LANDING  SYSTEM 

JOHN  F.  KENNEDY  INTERNATIONAL  AI3ECHT 

LONG  RUN  INCREMENTAL  COST 
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OPERATIONS 
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REMOTE  COMMUNICATIONS,  AIR  TC  GROUND 
RADIO  COMMUNICATIONS  SYSTEM 
REMOTE  TRANSHITTER/BECEI VER 
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s&s 

STAFF  AND  SUPPQR1 

SHHC 

SHCRT  SUN  MARGINAL  CCSTS 

sap 

SDPPOBT 

TACAN 

TACTICAL  A  IR  b A  LIGATION  AID 

“ICS 

TECHNICAL  CCNTBOI  SEBVICE 

TR 

TRAFFIC 

TRACAE 

TERMINAL  RADAR  CCNTBCL  FACILITY 
iilTB  A  CONTROL  TCI  EH 

TRACGN 

TE.8S1NAL  RADAR  CCNTfiGI  FACILITY 

TEN 

TRAIN  INC 

THEB 

TRAN  SC  HI B F  D  IFATBEB  BBGACCASTS 

TWB 

TONES  (TERMINAL) 

a.s. 

UNIT  ED  STATES 

UG3BD 

UPGRADED  THIRD  GENERATION 

OHF 

ULTRA  HIGH  FREQUENCY 

UNICOM 

AERONAUTICAL  ADVISORY  STATION 

vcs 

VCICE  COMMUNICATIONS  SYSTEM 

VFR 

VISUAL  FLIGHT  RULES 

VHF 

VERY  HIGH  FREQUENCY 

VOB 

VHF  OMNI- FA  AGE  (NAVIGATION  AID) 

VOBTAC 

COLOCATED  VOB  AND  TACAN 
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